Background:


Lumens are the SI unit of measure for luminous flux, the degrees of light perceivable by the human eye. Brightness is considered the light emitted from a surface per unit of area. Luminance (lumens) also includes direction as a factor of the intensity of light.


Propane is a three-carbon alkane derived from petroleum or natural gas; it is often sold as liquid petroleum gas (LPG or LP-Gas). Propane undergoes combustion in the presence of excess oxygen, producing only water and carbon dioxide: C3H8 + 5O2 → 3CO2 + 4H2O + heat. It can also produce water and carbon monoxide from combustion: 2C3H8 + 7O2 → 6CO + 8H2O + heat. As both methods of combustion represent, heat is a significant part of the result. As such, propane is often combusted to produce heat as a form of energy. Logically, propane could be placed in the correct conditions to produce extreme heat, such as a flame or explosion.

Statement:

The purpose of this investigation is to determine the relationship between the amount of propane inserted into a balloon and the luminance produced by the combustion of said balloon.

Review of Literature:


Due to its potential as an alternative fuel source, as well as its application in heating mechanisms, a great deal of research is conducted on the combustion of propane. According to the research of E. E. Lin and Z. V. Tanakov (Russian Federal Nuclear Center) regarding the combustion of hydrocarbons in an open cloud environment, “... mixture ignition occurs in a set of the local centers on the [propane] cloud surface. During the stretch of time near 0.1 s these centers flow together in uniform burning spot with the characteristic size of 1 m. Subsequently, this spot increases and propagates on the cloud surface either as continuous field of luminescence on the all cloud height...” (2006). This research provides a basis for understanding the combustion of propane when it is released into an open environment. Research into plasma-enhanced propane combustion, performed by L. A. Rosocha, D. M. Coates, D. Platts, and S. Stange, stated a relationship between reaction rate and temperature, “Burning then continues by the propagation of the reactive species generated by the heat of the reaction itself. Thus, the overall combustion reaction rate is usually determined by the efficiency of generation of the new reactive species in the spreading flame front. The faster the reaction rate, the higher the temperature of the combustion process, with detonations producing the highest temperatures and fastest pressure rises. The efficiency of the combustion process is largely determined by usual thermodynamic considerations, namely, the higher the temperature, the more thorough and efficient the combustion process becomes” (2004). G. I. Kozlov's investigation of the propagation of pyrolysis and combustion waves in propane suggested that an increase in pressure of the propane gas would produce an accelerated combustion, “when the propane pressure was increased from 25 to 100 Torr and above, the propagation velocity of the front increased appreciably to 1.3 m/s near the focusing region. However, the front then exhibited unusual behavior, where it propagated more slowly, stopped, and even withdrew slightly back to the focus. After a few frames, the process appeared to recover and the pyrolysis wavefront continued to propagate along the beam” (1998). From these reports, it would seem reasonable to state that an increase in pressure, which would increase the velocity of the combustion, which would, in turn, increase the temperature attained by the combustion process. The 42nd volume of Combustion, Explosion, and Shock Waves, explains the manner in which a thermal explosion would occur, “In the case of a nonuniform distribution of the induction time of the reaction, a local explosion of a thermal nature occurs, resulting in detonation development exclusively in the direction of increasing values of τ [local-explosion delay]” (2003). V. A. Bunav and V. S. Babkin's research of propane-air interaction in a low-temperature environment explains the relationship between the temperature of the surrounding environment with the temperature at which a propane substance combusts, “Indeed, from a comparison of the temperatures at the beginning of the formation of the main products H2O, CO, and CO2 under flame conditions with the self-ignition temperature of propane–air mixtures at atmospheric pressure (750–900 K [10]), it can be concluded that the reason for the significant difference is related to the diffusion flows of the lightest products of the chemical transformation to the heating zone.” (2006). The difference referenced is in regards to the self-ignition temperature of a propane-air substance, which can change under flame conditions.

Hypothesis:


Due to the concept that an increased pressure would produce a greater change in temperature (as suggested under the Review of Literature), we believe that the light produced by the combustion of a propane balloon would increase as the amount of propane ignited increases. The greater change in temperature suggests a greater amount of energy produced which could produce more luminescence (as measured in lumen seconds). The amount of propane will be measured via the volume of the propane-filled balloon.

Overview:


We will fill balloons with varying amounts of propane and take multiple measurements of different circumferences to derive an average circumference and from that derive the volume of the balloon. We will then fix the balloon in a dark place in front of a light meter, which is being recorded and had been calibrated to the existing light. We will then ignite the propane balloons with a propane torch fixed to a pole and record our results.

Materials:


Latex medium-size balloons (as many as possible)


Meter sticks (2)


String


Duct tape


Propane tank (filled with propane)


Propane torch


Vernier brand light meter


Vernier Logger Pro


As dark a room as possible


Rod (to fix torch to)


Fire extinguisher


Fire blanket


Long sleeve clothing


Base (to fix balloons to)


Matches


Clamp (capable of attaching to the rod and propane torch)

Diagram:
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Diagram A-1

Procedures:


To begin, gather the required materials listed above, and re-create the set-up shown in diagram A-1. Duct tape a meter stick to a chair to create a solid base for the balloon. Attach the light meter to the computer, making sure it is one meter away from the base and on the same plane. Make the room as dark as possible. Open Logger Pro and follow the presented instructions to calibrate the light present in the room to zero. Afterwards turn on the lights to accommodate further set-up. To create the torch, fix the propane torch to the end of a rod of roughly 1 meter with a metal clamp. Make sure the rod-clamp structure is capable of supporting the weight of the propane torch. On site, make sure to operate in an environment clear of obstruction (especially flammable obstructions) and always have a fire blanket and fire extinguisher on hand during all experimentation. To prepare the propane balloons, attach the balloon to the nozzle of the propane tank (using duct tape to thicken nozzle where necessary), and fill with propane to the estimated size desired. Proceed to remove the balloon from the tank, making sure the end is secure, and tie it off tightly to insure full retention of gas. Then, use a string and meter stick to take 2 representative measurements of the circumference and record the average. Then fasten the balloon to the vertical base using duct tape, and prepare for ignition. Turn off the lights, ignite the propane torch using matches, begin recording data points with Logger Pro, and thrust the torch into the balloon to ignite the propane. Stop recording and save results. After repeating with many balloons of varying dimensions, calculate the respective integrals of the resulting graphs to determine total lux*s (lumen seconds) produced with each explosion. This can be done through a function built-in to Logger Pro. Graph results for analysis, calculate correlation coefficients and investigate possible regression lines.

Results:


Sample Integral
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Data

	Average Radius (cm)
	Calculated Volumes (cm^3)
	Lux*s

	
	
	

	27
	332.7214086
	32.2

	29
	412.271627
	11.8

	30
	456.4079679
	165.5

	31
	503.5870285
	176.3

	33
	607.4790052
	131

	34
	664.3947692
	10.25

	35
	724.758949
	44.38

	37
	856.2382517
	27.04

	38
	927.5562227
	44

	39
	1002.728305
	59.03

	40
	1081.855924
	12.7

	41
	1165.040502
	202.4

	46
	1645.367628
	84.35

	47
	1755.023868
	83.37

	52
	2376.837465
	83.13

	
	
	

	
	mean ->
	77.83

	
	standard deviation ->
	63.4011391

	
	correlation coefficent ->
	0.04785291
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Conclusion:


The data does not support our hypothesis.  The results of the experiment show little chance of correlation in our data, with a correlation coefficient of .048. Additionally, the graph does not seem to show a direct correlation, and no line of regression adequately described the data. It is possible that there was an ideal propane to gas ratio existing at around 450-600 cubic centimeters, as 3 data points would suggest, however too little concentration of data exists within that range to make an adequate assessment. The same is true for the low points visible between the 700-1100 cubic centimeters. Volumes from this range consistently produced a smaller amount of lux*s then nearly all other volumes (except for 400 cubic centimeters). 

There were also several errors which may in part account for the seemingly sporadic results. Firstly, the balloons would exponentially increase in pressure as they increased in size, due to their elasticity. Secondly, because the balloons were not perfectly spherical, any measurement of volume would prove at least partially inaccurate. Thirdly, perfect darkness could not be achieved, and although the light meter had been calibrated accordingly, this may have still lead to errors in ratios. Fourthly, and most importantly, the light meter could only assess the light directly in front of it, and as our video analysis suggests, the much of the explosion tended to travel away from the light meter, usually in the direction of the torch. We believe this to have been caused by propane rushing out of the newly punctured hole due to the pressure of the propane. This notion is supported by the fact that the rush of propane would often extinguish the propane torch, sometimes not igniting the propane itself. On occasion the shape of the explosion would be extremely distorted, which would not allow the light meter to record the entirety of the explosion. Furthermore, it was difficult to ignite each balloon in a uniform manner. Lastly, human error in measurements is inevitably present. 
The results of this experiment do, however, warrant further testing, especially to determine whether the apparent trend in the 450-600 and the 700-1100 cubic centimeter ranges would consistently provide similar results. An internalized ignition system would allow for a more uniform explosion and thereby better results. Also, an adequately calibrated scale would allow for testing the mass of propane instead of the volume, which would then avoid the issue with pressure, or perhaps incorporating a penetrometer to help account for pressure. Additionally, containers that created less pressure than balloons would also help to reduce the erratic results.
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